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Summary. The DNA complementary to the ¥-terminal 1404 nucleotides [ex-
cluding the poly(A) tail] of papaya leaf-distortion mosaic potyvirus (PLDMYV)
RNA was cloned and sequenced. The sequence starts within a long open reading
frame (ORF) of 1 195 nucleotides and is followed by a 3’ non-coding region of 209
nucleotides. Capsid protein (CP) is encoded at the 3’ terminus of the ORF. The
CP contains 293 residues and has a M, of 33277. The CP of PLDMYV exhibits 49
to 59% sequence similarity at the amino acid level to the CPs of papaya ringspot
potyvirus (PRSV) and other potyviruses. This result is consistent with the
absence of a serological relationship between PLDMYV and PRSV or other
potyviruses. The results support the assignment of PLDMV asa distinct member
of the genus Potyvirus.

*

Papaya (Carica papaya L.) is widely grown in the southern part of Japan. A
viral discase of papaya was identified in 1954 on Okinawa Island and
spread throughout the island during the 1960s [10]. Infected papaya plants
show mosaic symptoms and distortion of leaves, as well as ringspots on fruits.
These symptoms are similar to the symptoms caused by the virus known as
papaya ringspot potyvirus papaya strain (PRSV-P) [10, 15]. PRSV-P is the
major impediment to stable production of papaya fruits in many countries,
including the U.S.A. and countries in South America, the Caribbean and

* Sequence data from this article has been deposited with the EMBL/GenBank/DDBJ
databases under accession no. DS0082.
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Asia [15]. Papaya production has declined to a low level in many of these
countries as a consequence of this virus. The papaya virus in Okinawa was
first identified as PRSV-P from its similarity to previously characterized
PRSV-P in terms of symptoms of infection of papaya plants, host range,
relationship to aphid vectors and physical properties [10, 15]. Later, however,
the virus was found to be distinct serologically from PRSV-P and the name
“papaya leaf-distortion mosaic potyvirus (PLDMYV)” was proposed for the
virus [10].

PLDMYV was considered to be the only virus that damages papaya plants in
Japan until the occurrence of PRSV-P was discovered in 1992 [12]. However,
PRSV-P was detected in only about 3% of 383 field samples tested by ELISA for
both viruses [12]

The complete genomic sequence has been determined for the HA isolate of
PRSV-P [25], and the capsid protein (CP) genes of some other isolates of PRSV
have been sequenced [2, 3, 17, 21]. However, no sequence data is available for
PLDMYV RNA. Here we report the nucleotide sequence of the 3'-terminal region
of the PLDMYV RNA, which includes the CP gene, and we assess the taxonomic
relatedness of PLDMYV to PRSV and other potyviruses.

The P56 isolate of PLDMV [12] was propagated in Cucumis metuliferus by
mechanical inoculation and purified as follows. Infected leaves were triturated in
four times their weight of 0.5 M citrate buffer (pH 7.0) containing 0.1 M disodium
hydrogen phosphate, and then the homogenate was squeezed through cotton
cloth. The filtrate was clarified by adding carbon tetrachloride to 6%, stirring for
1 min at room temperature, and centri ugation at 6000 x g for 15 min. Polyethy-
lene glycol 6 000 (PEG), NaCl and Triton X100 were added to the supernatant to
final concentrations of 7% (w/v), 0.1 M and 2% (w/v), respectively. The mixture
was stirred for 30 min at 4 °C and centrifuged at 6000 x g for 15 min. The pellet
was resuspended in a volume equal to one-tenth the volume of the clarified
supernatant of 0.1 M citrate buffer (pH 7.0) that contained 0.01 M disodium
hydrogen phosphate (CD buffer) and centrifuged at 6000 x g for 15 min. The
resultant supernatant was centrifuged at 125000 x g for 90 min. The pellet was
resuspended in CD buffer and the mixture was centrifuged at 6000 x g for

15 min. The resultant supernatant was layered on a 10—41% (w/v) linear density
gradient of a cesium sulfate in CD buffer and centrifuged at 175000 x gfor 15h
in an RPS-40T rotor (Hitachi, Japan). The zone that contained the virus, located
about one-third of the way up the centrifuge tube, was collected with a Pasteur
pipette, diluted with CD buffer, and centrifuged at 238000 x g for 90 min. The
pellet was resuspended in 0.01 M citrate buffer (pH 7.0). The suspension of virus
was used for our initial attempt toisolate viral RNA. However, electrophoresis of
the RNA on the agarose gel resulted in smeared bands of DNA, which probably
originated from host tissues and had, most likely, combined with PLDMYV
particles during the purification process. To remove the DNA, the suspension
of virus was incubated with RNase-free DNase 1 (Boehringer Mannheim,
Germany) at 1500 unit/ml in 5SmM magnesium sulfate at 37°C for 1h. The
DNase-treated suspension of virus was loaded on a cushion of 40% sucrose in
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0.01 M citrate buffer (pH 7.0) and centrifuged at 128 000 x g for 60 min. The final
pellet, containing virus, was suspended in small amount of 10 mM Tris-HCl (pH
8.0) that contained 1 mM EDTA.

Viral RNA was isolated from the purified preparation of virus by incubation
with proteinase K at 1 mg/ml and SDS at 1% (w/v) at 37°C for 20 min, with two
subsequent extractions with a mixture of phenol and chloroform (1:1, v/v) and
precipitation in ethanol. RNA was further purified by affinity chromatography
on oligo(dT)-cellulose [13] and its purity was examined by electrophoresis on
a 1% agarose gel. The RNA was used as the template for oligo(dT)-primed
synthesis of cDNA, which was followed by second-strand synthesis [7], using
a commercial kit (Amersham, U.K.). The double-stranded cDNA was ligated to
Smal-cut, dephosphorylated Bluescript II SK (+) (Stratagene). The DNA was
used to transform competent E. coli TM109 cells. A recombinant plasmid (PL50)
with a cDNA insert of approximately 1.4 kb was selected and used for Northern
blot analysis with the ECL direct nucleic acid labeling and detection systems
(Amersham) according to the manufacturer’s instructions. The cDNA insert was
excised by digestion with BamHI and H indITI and ligated to BamHI- and
HindIIl-cut Bluescript II KS (+) (Stratagene) to obtain a cDNA clone with the
sequence in the opposite orientation. The two cDNA clones were digested with
exonuclease III and mung bean nuclease (Takara, Kyoto, Japan) or S1 nuclease
(Pharmacia) to produce two sets of nested deletion mutants for sequence
analysis. The DNA sequences were determined by the dideoxynucleotide chain-
termination method [19] on an automated DNA sequencer (model 377A; ABI).
All parts of the cDNA were sequenced in both orientations. Sequence data were
analyzed with the DNASIS system (version 7.0) from Hitachi Software Engineer-
ing Co. (Tokyo, Japan).

For analysis of the amino acid sequence, PLDMV CP was purified by
SDS-PAGE [11], blotted onto a PVDF membrane (Japan Genetics, Tokyo,
Japan) and was analyzed with an automated gas-phase protein sequencer (model
477A; ABI) as described by Kashiwazaki et al. [9]. '

Agarose gel electrophoresis of PLDMV RNA after purification by affinity
chromatography on oligo (dT)-cellulose gave a single band of RNA of about
10kb. A probe derived from clone PL50 hybridized specifically with this band of
RNA (data not shown). A stretch of 32 adenosine residues was found at one end
of PL50, suggesting that this clone contained cDNA that corresponded to the
3'-terminal region of the PLDMV RNA. The sequence of the 3'-terminal 1 404
nucleotides [excluding the poly(A) tail] of the PLDMYV RNA, as determined
from PLS0, is shown in Fig. 1. The nucleotide sequence contains a long open
reading frame (ORF) that potentially encodes a polypeptide of 397 amino acids,
in frame 2 (Fig. 1). Other reading frames on this strand and on the complement-
ary strands contain many stop codons and a few extended ORFs. The long ORF
is open at the 5’ end and terminates with a UAG codon at positions 1193-1 195,
which is followed by a non-coding region of 209 nucleotides upstream of the 3’
poly(A) tail. A potential polyadenylation signal (UAUGU) [26] is present at
positions 1289-1293.
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Fig. 1. Nucleotide sequence of the 3_terminal 1404 nucleotides of PLDMV RNA. The
predicted amino acid sequence encoded by the single long ORF is shown below the
nucleotide sequence. A slash indicates a putative cleavage site between the NIb and CP
proteins. The stop codon at the end of the long ORF is indicated by an asterisk. A potential
polyadenylation signal (U AUGU)is underlined. The N-terminal amino acids determined by
direct sequencing of CP are boxed. This sequence has been deposited with the

EMBL/GenBank/DDBJ databases under accession no. D50082

Complete or partial genomic sequences have been reported for a number of
potyviruses. The potyvirus genome encodes a single large polyprotein from
which functional proteins are produced by cleavage at specific sites [20].
Comparison of the putative product encoded by the ORF of PLDMYV with the
C-terminal part of polyproteins of other potyviruses indicated that the putative
product contains the whole presumptive CP at the C-terminus and a part of the
NIb protein upstream of CP. A search for consensus cleavagesites (Q/S, Q/A and
Q/G) reported for potyviruses revealed two candidates, Q/A at positions 45/46
and Q/S at positions 104/105, for the site of cleavage between the NIb and CP
proteins of PLDMYV. Direct sequencing of the PLDMV CP yielded its N-
terminal sequence, namely, SALDAGKP, which is located in the putative
product at positions 105-112. The CP protein contains the DAG motif (at
positions 108—110), which has been reported to be located at the N-terminus of
potyvirus CPs and is essential for transmissibility by aphid of the virus [20].
These results indicate that the Q/S sequence probably corresponds to the
cleavage site between the NIb and CP proteins of PLDMV.In PLDMV, DAG
motif is very close to the N-terminus of CP when compared with other
potyviruses [20]. The PLDMV CP consists of 293 amino acids with a calculated
M, of 33277. This value is lower than the M, (37000; data not shown) of CP
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estimated by SDS-PAGE of a purified preparation of PLDMYV. In some other
potyviruses, M, values of CPs calculated from amino acid sequences are also
smaller than the M, values estimated by SDS-PAGE [20].

The CPs of members of the genus Potyvirus have a bimodal distribution of
amino acid sequence similarity. There is 90% to 99% similarity between strains,
and 38% to 71% similarity between distinct viruses [20]. The deduced CP of
PLDMY shares 55% to 59% sequence similarity with the CPs of four isolates of
PRSV, among which amino acid sequence similarity was found to be 91% to
98% (Table 1). The low degree of similarity at the amino acid level between the
CPs of PLDMV and PRSV is consistent with the absence of an obvious
serological relationship between them [10, 12]. The ¥ non-coding region
(3NCR) of PLDMV RNA (1 196—1 404) also showed low similarity (ca. 30%) to
the 3NCR of RNAs of four isolates of PRSV (data not shown). These differences
among sequence support the hypothesis that PLDMV and PRSYV are different
viruses [20].

CP amino acid sequence similarity between PLDMY and six other poty-
viruses varied from 49% to 58% (Table 1), and that between PLDMYV and 40
isolates of 33 distinct aphid-transmitted potyviruses [14, 16, 20] also varied from
49% to 59% (data not shown). The results are similar to those reported for
distinct potyviruses [20]. These results indicate that PLDMV is a distinct virus
in the genus Potyvirus.

Since a resistance gene to PRSV-P has not been identified in papaya, a Cross-
protection mechanism has been used to control devastating infections by
PRSV-P[22,23]. However, cross-protection with attenuated strains of PRSV-P
has proved only partial or ineffective in some areas [24]. The failure or
ineffectiveness of cross-protection has been attributed to variability of PRSV.
Although the distribution of PLDMY is unknown, the presence of PLDMYV may
also be involved in decreasing the effectiveness of the cross-protection mechan-
isms in some locations. In Okinawa, PLDMV occurs more frequently than
PRSV-P [12]. It is important to prove the absence of PLDMYV in areas affected
by papaya ringspot. Otherwise, evaluation of potential control measures may be
inadequate.
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